Purpose: This study aimed to compare strategies for assessing nutritional adequacy in the dietary intake of elite female athletes. Methods: Dietary intake was assessed using an adapted food-frequency questionnaire in 72 elite female athletes from a variety of sports. Nutritional adequacy was evaluated and compared using mean intake; the proportion of participants with intakes below Australian nutrient reference values (NRV), U.S. military dietary reference intakes (MDRI), and current sports nutrition recommendations; and probability estimates of nutrient inadequacy. Results: Mean energy intake was 10,551 ± 3,836 kJ/day with macronutrient distribution 18% protein, 31% fat, and 46% carbohydrate, consistent with Australian acceptable macronutrient distribution ranges. Mean protein intake (1.6 g · kg
) was consistent with (>1.2 g · kg -1 · d -1
), and carbohydrate intake (4.5 g · kg -1 · d -1 ), below, current sports nutrition recommendations (>5 g · kg
), with 30% and 65% of individuals not meeting these levels, respectively. Mean micronutrient intake met the relevant NRV and MDRI except for vitamin D and folate. A proportion of participants failed to meet the estimated average requirement for folate (48%), calcium (24%), magnesium (19%), and iron (4%). Probability estimates of inadequacy identified intake of folate (44%), calcium (22%), iron (19%), and magnesium (15%) as inadequate. Conclusion: Interpretation of dietary adequacy is complex and varies depending on whether the mean, proportion of participants below the relevant NRV, or statistical probability estimate of inadequacy is used. Further research on methods to determine dietary adequacy in athlete populations is required.
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Dietary surveys of athletes often report inadequate or inappropriate dietary intake compared with sports nutrition or population dietary reference recommendations (Burke et al., 2003; Hassapidou, Valasiadou, Tzioumakis, & Vrantza, 2002; Jonnalagadda, Bernadot, & Nelson, 1998) . This is consistently observed across different sports (Beals, 2002; Jonnalagadda, Ziegler, & Nelson, 2004) and countries (Hassapidou et al., 2002; Kim, Kim, Kim, & Park, 2002) . Nutrient intake in athlete groups is usually compared with age-, gender-, and countryspecific nutrient intake recommendations developed for the general population (e.g., in Australia and New Zealand, the Nutrient Reference Values [NRV] , or for the United States and Canada, the Dietary Reference Intakes [DRI] ; Cupisti, D'Alessandro, Castrogiovanni, Barale, & Morelli, 2002; Farajian, Kavouras, Yannakoulia, & Sidossis, 2004; Jonnalagadda et al., 1998; Papadopoulou, Papadopoulou, & Gallos, 2002) . The NRV and DRI include the Estimated Average Requirement (EAR) and the RDI/A (Recommended Dietary Intake/Allowance), which indicate the intake required to meet the needs of half (50%) and nearly all (97-98%) healthy individuals, respectively. When insufficient scientific evidence is available to set an RDI/A, an Adequate Intake (AI) is used (National Health and Medical Research Council [NHMRC], 2006; Otten, Helwig, & Meyers, 2006) . Use of the RDI/A (or AI) potentially overestimates and EAR underestimates the nutrient requirements of individuals . Mean nutrient intake for group data is most often reported and used to assess nutritional adequacy in the population (Hassapidou et al., 2002; Kim et al., 2002; Ziegler et al., 2005) . However, mean nutrient data provide limited information on the adequacy of individual intakes because the data can be skewed (Anderson, Peterson, & Beaton, 1982) , particularly in athlete populations, by very high or low intakes because of high energy expenditure or restrictive dieting to achieve or maintain a low body weight and fat (Hill & Davies, 1999) . A more appropriate approach is to assess the proportion of the population above and below the relevant NRV to provide information about the number of individuals who may be at increased risk of inadequate intake (Anderson et al., 1982; Barr et al., 2002) .
Traditionally, classifying diets as "deficient" based on estimated dietary-intake data is misleading because of the level of individual variability in nutritional requirements (Beaton, 1975) . Despite this, it would be prudent for athletes to consume intakes that at a minimum meet the EAR. Intakes below the EAR do not necessarily indicate deficiency or elevated nutritional risk at the individual level. However, because athletes may have nutrient requirements that are as high or higher than the general population, intakes below the EAR would theoretically be inadequate for at least half of athletes if consumed on a consistent basis. This is particularly pertinent to the B-group vitamins when athletes restrict energy intake (Woolf & Manore, 2006) and to iron in endurance athletes (Whiting & Barabash, 2006) . Calcium requirements for amenorrheic females may also be increased (Nattiv et al., 2007) . Higher intakes (possibly up to 3-fold greater than the RDI) for antioxidant vitamins (C, E, and betacarotene) have been suggested as necessary to reduce exercise-induced oxidative stress (Watson et al., 2005) . The U.S. military has highlighted the need for specific nutrient guidelines for personnel under operational and combat conditions ("Army Regulation," 2001) . Military Dietary Reference Intakes (MDRI) are provided for men and women over 19 years of age, and it could be argued that these ranges designed for active military personnel are more appropriate for athletes than are those set for the general population. The MDRI exceeds the Australasian RDI for vitamins A, C, and E and the minerals magnesium, zinc, and sodium. However, recommendations are approximately two thirds lower for phosphorus, iron, and vitamin D ("Army Regulation," 2001; NHMRC, 2006) . Macronutrient requirements for athletes may differ from the general-population-based acceptable macronutrient distribution ranges (AMDR) and the RDI for protein (NHMRC, 2006) . In most cases it is more appropriate to assess carbohydrate intake as grams per kilogram body weight per day rather than percentage of energy as used in the AMDR because of variations in carbohydrate and energy requirements (Burke, Cox, Cummings, & Desbrow, 2001) . Protein requirements for athletes should at a minimum meet the RDI, but more often targets ranging from 1.2 g/kg body weight up to 1.7 g · kg body weight -1 · day -1 are recommended, representing 10-20% of total energy depending on energy requirements and athlete body weight (Tipton & Wolfe, 2004) . In some cases an upper limit of up to 40% protein for athletes with high energy requirements has been suggested (Tipton & Wolfe, 2004) . This exceeds the 25% suggested in the AMDR for prevention of chronic disease (NHMRC, 2006) .
Estimating nutrient intake of individuals or populations is challenging. Measurement in athletes further complicates this process because of difficulties in quantifying large portion sizes (Magkos & Yannakoulia, 2003) , the diverse range and limited nutritional information on some sports foods, imprecise recording associated with higher energy, more erratic eating patterns often found in highly active groups (Barnard, Tapsell, Davies, Brenninger, & Storlien, 2002) , and underreporting possibly associated with low body image in physique-oriented sports (Hill & Davies, 1999 ). There are statistical methods to assess the validity or plausibility of reported energy intakes, but to assess this appropriately, measurement of physical activity is required (Black, 2000) . In addition, dieting behaviors should be assessed to determine whether an athlete is actually underreporting or undereating for weight-loss or physique-management reasons (O'Connor, Olds, & Maughan 2007) .
Selection of the most appropriate method of dietary assessment is also difficult. Seven-day weighed-food diaries are the accepted gold standard for dietary assessment in the general population (Biro, Hulshof, Ovesen, & Amorim Cruz, 2002) , and this is also suggested to be the case in athletes (Magkos & Yannakoulia, 2003) . However, variation in intake across weeks of training because of periodization will influence the validity of estimates. In the general population, assessment of energy and macronutrient intake requires a period of 3-4 days, but longer collection is needed to assess micronutrients, with the optimal length of measurement varied and dependent on ingestion frequency of the nutrient (up to 44 days for vitamin A, 6-7 days for iron, and 7-10 days for calcium; Basiotis, Welsh, Cronin, Kelsay, & Mertz, 1987) . Collection of a shorter 3-to 4-instead of a 7-day dietary record is more typical because it reduces respondent burden, facilitates participant recruitment, and improves participant compliance (Magkos & Yannakoulia, 2003) . Typically, dietary surveys of athletes have low numbers (<50) of participants of varied athletic caliber, which compromises external validity of the results (Burke et al., 2001) . Furthermore, limitations of dietary assessment are usually not discussed in published articles, and interpretation of nutritional adequacy is often simplistic and misleading.
Methods other than food diaries are rarely used for dietary assessment in athlete populations. The multiplepass 24-hr recall method is used to collect dietary information in large population surveys (McLennan & Podger, 1998 ; U.S. Department of Agriculture & Agricultural Research Service, 2008) . It may be the method of choice for athlete groups, providing the opportunity to assess multiple days over a number of weeks to capture variation with periodization. In addition, because it is a retrospective method of data collection, the problem of participants altering their dietary intake habits may be reduced (Rockett, Berkey, & Colditz, 2003) . Nevertheless, accuracy also relies on remembering all foods consumed over the previous 24 hr. Conducting a series of short face-to-face (or even telephone) interviews can still be challenging, although the burden (and cost) is higher for the researcher than the participant (Magkos & Yannakoulia, 2003) .
Food-frequency questionnaires (FFQs) have been used to assess athlete dietary intake in previous studies (Fogelholm et al., 1992; Frederick & Hawkins, 1992; Nogueira & Da Costa, 2004; Rockett et al., 2003; Soric, Misigoj-Durakovic, & Pedisic, 2008; Telford, Cunningham, Deakin, & Kerr, 1993) . FFQs have potential benefits in athletic populations, including the capacity to measure intake over longer time periods (e.g., months) and low respondent and researcher burden. An FFQ can also be used to assess micronutrient intake (Willett, 1998) . Researchers not skilled in nutrition-or dietaryassessment methods can also use the FFQ because it can be self-administered and then either automatically calculated using computer scanning or analyzed with the use of a systemized data-entry template. Condensed versions of an FFQ can also be used to focus on intake of specific nutrients (Curtis, Musgrave, & Klimis-Tavantzis, 1992 ). FFQs are not useful for assessing individuals and may be less accurate at estimating energy intake (Willett, 1998) . However, FFQs can be and often are used to rank individuals into nutrient quantiles and determine the proportion with intakes below the NRV or other nutrition-specific criteria.
The current study aimed to use dietary data collected from elite Australian female athletes to compare the strengths and limitations of strategies typically used to assess nutritional adequacy of athlete dietary intake.
Methods

Participants
Demographic information including, age, sport, training hours, athletic caliber, and living situation of the sample was collected. Female athletes were eligible for participation if they were in receipt of a monetary scholarship from the Australian government to support the development of their athletic careers at one of three state institutes of sport in Australia. This typically meant they were representative in their sport at state level or higher. Athletes were not residential, and most studied and/or worked full-or part-time. Athletes were volunteers recruited through invitations disseminated via coaching staff over a 6-month period. This study was approved by the University of Sydney's Human Research Ethics Committee.
Anthropometric Measures
Anthropometric measures were collected using the restricted protocol of the International Society for the Advancement of Kinanthropometry (Marfell-Jones, Olds, Stewart, & Carter, 2006) . Participant weight was measured to the nearest 100 g in minimal clothing using digital scales (Tanita, Wedderburn, Sydney, Australia).
Measures of Dietary Intake
Participants completed an FFQ (developed by the Commonwealth Scientific and Industrial Research Organization [CSIRO], Adelaide, South Australia) designed and validated on various Australian population samples (Amanatidis, Mackerras, & Simpson, 2001; Baghurst & Record, 1987; Gelissen & Roberts, 1992; Riley & Blizzard, 1995) . This instrument lists and describes approximately 200 food and beverage items using standard serving sizes (either in household measures or weight for solids and volume for liquids). The FFQ item list was extended for this study to include popular and commonly available sport foods (such as liquid-meal drinks, sports bars, gels, protein powders). Experienced sports dietitians were surveyed on the sport foods commonly used by athletes to inform the inclusion list. The nutritional information for sport foods was collated and added to the FFQ and the nutrient database using manufacturers' product information. Supplements in pill form and other ergogenic aids (e.g., caffeine, creatine) were not included. The FFQ was self-administered. Participants indicated how often (times per day, week, or month) and how many standard servings of each food item they usually consumed (past few months). Information about food-preparation techniques including use of grilling, frying, microwaving, or boiling; use of added sugar or salt; and types of fat or oil used was also collected. Nutrient analysis was conducted by the CSIRO using a purpose-built data-entry template and food database (a modification of the FREQUAN dietary-analysis program; Baghurst & Record, 1984) . Nutrient composition was accessed mainly from the Australasian data and supplemented with information from the British and U. Diets were assessed for appropriateness using age-and gender-based sport nutrition recommendations (Burke, Kiens, & Ivy, 2004; Tipton & Wolfe, 2004) , U.S. military recommendations ("Army Regulation," 2001), and the Australian NRV (NHMRC, 2006) . Body-mass data were used to calculate intake of energy, protein, and carbohydrate per kilogram. A probability estimate of nutritional risk for each micronutrient was also calculated using the method described by Anderson et al. (1982) . The probability that an intake is less than the actual requirement for an individual can be estimated if the distribution of nutrient requirements is Gaussian with a known coefficient of variation (usually ~15%) and there is a low order of correlation between intake and requirement. These assumptions are reasonable for most nutrients, but not for iron, for which the distribution of requirements in women of reproductive age is skewed by variation in menstrual losses and energy, and there usually is a close relationship between intake and requirement (Anderson, et al., 1982) . The method is also only useful for nutrients for which there is sufficient information to set an RDI such that the RDI is set at 2 standard deviations above the mean requirement. Therefore, at 2 standard deviations above the mean (i.e., the RDI) the probability of inadequacy is .025, and at 2 standard deviations below, the probability of inadequacy is .975. Useful cut points on the normal distribution can then be calculated. For example, the mean requirement plus 1 standard deviation can be calculated as mean requirement × 15% RDI × 100. This corresponds to 88.5% of the RDI. Across the normal distribution the following percentages of the RDI then apply: greater than 100, 88.5-99.9, 77-88.4, 65.6-76.9, 54-65.5 , and less than 53.9. The average probabilities of inadequacy for these intervals are 0, .7, .31, .69, .93, and 1.0, respectively.
When calculating an estimate of the proportion of a population expected to have an intake below their individual requirement for a given nutrient, one must determine the number of individuals with intakes falling within each of the above intervals and then multiply by the probability for the interval. This provides an estimate of the number of individuals with intakes below the requirement at each interval. The numbers of individuals at each interval are then summed and expressed as a percentage of the total population. An in-depth description of the approach is provided by Anderson et al. (1982) .
Data Analysis
Data analysis was conducted using SPSS (version 16.0, Chicago, IL) and consisted primarily of analysis of variance for continuous data. Levene's test for equal variance was conducted, with REGW-Q post hoc tests used when equal variances could be assumed and Games Howell post hoc tests when variances were unequal. Chisquare analysis was used for categorical data. Data were tested for normality. The probability method previously described (Anderson et al., 1982) was used to determine the proportion of athletes at increased risk of inadequate intake of key nutrients. Probability distributions from the U.S. data were used to estimate risk of inadequacy of iron intake (National Academy of Sciences, Institute of Medicine, Food and Nutrition Board, 2001 ). Data are presented as M ± SD and 95% confidence intervals unless otherwise indicated. In the absence of normal distribution of the data for alcohol, the median value and range were reported (Norman & Streiner, 2008) . Significance was accepted at the p < .05 level.
Results
Participant Characteristics
A total of 73 female athletes from seven sports volunteered to participate. One FFQ was returned incomplete and was excluded from the analysis. The participants' demographic characteristics are summarized in Table 1 .
Nutrient Intake
The athletes' macronutrient intake is reported in Table  2 . Mean daily energy intake for the group was 10,551 ± 3,836 kJ with macronutrient distribution of 18.1%, 31.0%, and 46.3% for protein, fat, and carbohydrate, respectively. Compared with Australian public health guidelines (NHMRC, 2006) macronutrient intake was within the ranges set for the general population (15-25%, 20-35%, and 45-65% for protein, fat, and carbohydrate, respectively). Fat intake as a percentage of total energy was correlated with total energy (p < .011), suggesting that those with higher energy intakes consumed more fat. Saturated-fat intake accounted for 12.8% ± 3.5% of energy. This exceeds the 8-10% of total energy from combined saturated and trans-fatty acids outlined in the NRVs for the general population (NHMRC, 2006) . Median alcohol intake was 0.1% of energy (range 0-3.8%), or 0.3 g (range 0-12.8 g) per day, which is much lower than the recommended maximum intake of two standard drinks (20 g) per day for adults (NHMRC, 2009 17.6 ± 3.9 10, 957 ± 3,225 (8,650, 13,264) 8,969 ± 2,928 (7, 278, 10, 660) 8,951 ± 2,968 (6, 669, 11, 232) 10, 771 ± 4,683 (6,856, 14,687) 11,397 ± 4,839 (9, 195, 13, 600) 10, 551 ± 3,836 (9,650, 11,453) E, kJ/kg Note. E = total energy; CHO = carbohydrate. In the absence of normal distribution of the data for alcohol, the median value and range were reported. Weights to calculate g/kg body weight were only available for 57 female athletes.
No individual athlete consumed more than two standard drinks per day. Mean fiber intake was 31.3 ± 14.1 g/day. This exceeds the current recommended AIs of 22 and 25 g for those age 14-18 and 19-30 years, respectively (NHMRC, 2006) . However, 22 (30.6%) participants failed to meet the AI for fiber. Relative to body weight, daily energy, protein, and carbohydrate intake were 156 ± 66 kJ/kg, 1.6 ± 0.7 g/ kg, and 4.5 ± 1.9 g/kg, respectively. No significant differences were observed between sports for total energy, protein, or fat intake when expressed as total or g · kg -1 · day -1 or when expressed as percent of energy for protein and carbohydrate. Analysis of mean intake indicated that cyclists and triathletes consumed less energy from fat (26.8% ± 4.3% of energy) than volleyball players (35.6% ± 7.0%; p < .05). Softballers had the lowest (although not significant) mean intakes for protein (1.2 ± 0.4 g · kg -1 · day ). Cyclists and triathletes had a higher intake of carbohydrate (6.7 ± 1.1 g · kg -1 · day -1 ) than all other groups (p < .05) with the exception of netball (4.8 ± 1.3 g · kg -1 · day -1 ). ; Burke et al., 2004) . Overall, 65% of athletes did not meet the carbohydrate requirement and 30% did not meet the recommended protein requirement despite the mean protein intake's indicating adequacy. Energy intake was strongly correlated (p < .001) with both protein and carbohydrate intake assessed relative to body weight.
Micronutrient intake is reported in Table 4 . Although mean micronutrient intake exceeded the RDI (with the exception of folate, 90.2% ± 41.5%, and vitamin D, 56.9% ± 54.1%), suggesting that athlete diets were generally adequate, a substantial proportion of individuals failed to meet the EAR, RDI, and MDRI. Nearly half (49%) the athletes did not meet the EAR for folate, 24% for calcium, and 20% for magnesium, with fewer than 5% not meeting the EAR for other nutrients. A substantial proportion of athletes did not meet the RDI for folate (70%), iron (51%), calcium (36%), and magnesium Note. EAR = estimated average requirement; RDI/AI = recommended dietary intake/adequate intake; MDRI = military dietary reference intake. Mean intake presented as % of RDI or AI ± SD. For vitamins and minerals with an AI, only mean intake and proportion below AI are reported because it is inappropriate to calculate probability estimates for nutrients with an AI rather than an RDI because of lack of distribution of intake data. Source: Anderson et al. (1982) .
(35%). Antioxidant intakes of vitamins C (1%), A (10%)
, and E (17%) were also below the RDIs in a smaller proportion of athletes. Almost all athletes (91%) did not meet the AI for vitamin D. The proportion of athletes not meeting the MDRI was 75% for vitamin E, 14% for vitamin A, and 35% for zinc. Mean sodium intake (3,100 ± 1,288 mg/day) exceeded the AI (420-920 mg; NHMRC, 2006) but was below the MDRI of 3,600 mg/ day ("Army Regulation," 2001), with 75% of athletes not meeting this level. According to the method of Anderson et al. (1982) , which produces a more conservative and plausible estimate of the actual risk of inadequate intake, the proportion of athletes expected to be consuming intakes below their individual requirement was highest for the following nutrients: folate (44%), calcium (22%), iron (19%), and magnesium (15%). The other nutrients had probabilityof-risk estimates less than 5% (Table 4) .
Discussion
This study compared strategies for assessing nutritional adequacy of elite athletes' dietary intake. Our experience with the FFQ in this population was positive, because researcher burden was low and athlete compliance was high. Only one incomplete record had to be discarded. Use of an FFQ avoids a number of challenges experienced with food diaries, including assessment of micronutrients, which is inappropriate with short food-diary collection periods (3-4 days). The FFQ used in this study centered on usual food intake over the past few months. A short and recent time frame of recall was selected with the aim of reducing the bias associated with training periodization, known to alter the quantity and possibly the quality of food intake. This article also highlights that the strategies used interpret the dietary data result in vastly different conclusions with respect to nutritional adequacy in female athletes, ranging from more than adequate when using the overall mean to a moderate to high level of concern when incorporating the proportion of athletes with intakes below cut points such as the EAR and probability estimates of adequacy, calculated by the Anderson method (Anderson et al., 1982) .
Mean energy intake for female athletes was 10,551 ± 3,836 kJ/day (156 ± 66 kJ · kg -1 · day -1 ; Table 2 ). This intake is slightly above but similar to data collected using food diaries from a mixed female sample (N = 80) of Australian Olympic athletes (9,000 kJ/day, 140 kJ · kg -1 · day -1 ; Burke et al., 2003) . The difference in energy intake may be partially explained by differences in the range of sports profiled (more endurance athletes in the Burke sample) and the athletic caliber and age of the participants. Accurate measurement of energy intake is an acknowledged limitation of the FFQ according to reports of overestimates of energy intake when compared with food records (Burke et al., 2003) in a population of children (Smith, Domel Baxter, Hardin, & Nichols, 2007) . However, there is no clear consensus on this issue (Ambrosini, Mackerras, de Klerk, & Musk, 2003) , and it is likely influenced by the actual FFQ used and the population surveyed. This issue deserves further exploration in athlete populations.
Traditionally, inaccuracy of estimates of energy intake has been a problem widely identified in general (Mertz et al., 1991; Pikholz et al., 2004) and athletic (Hill & Davies, 2001 ) populations. Inaccuracy is confounded by factors ranging from low body image (Hill & Davies, 1999; Jonnalagadda, Benardot, & Dill, 2000) to high food intake and chaotic eating patterns (Barnard et al., 2002) . Accurate estimation of energy expenditure is a further challenge. Energy expenditure can be used to calculate an estimate of the plausibility of food-intake data (Black, 2000) , but appropriate energy-expenditure equations need to be applied (Ireton-Jones, 2005) . In addition, in mixed athlete samples, measurement of energy expenditure is particularly difficult with generic questionnaires. More objective estimates such as accelerometers cannot be used to quantify expenditure in some sports (e.g., swimming, cycling) and will not capture energy expended in resistance training, which most elite athletes now use as a training modality (Corder, Ekelund, Steele, Wareman, & Brage, 2008; Plasqui & Westerterp, 2007) . Without a reasonable estimate of energy expenditure, data precision remains questionable. Energy-expenditure estimates were not undertaken in the current study because of difficulties obtaining accurate assessment in this mixed sample of female athletes. However, when possible this should be undertaken.
Macronutrient intake (Table 2) of this sample was similar to that of the general population (NHMRC, 2006 , McLennan & Podger, 1998 and not consistent with sport nutrition recommendations. This similarity is often reported in dietary surveys of athletes (Farajian et al., 2004; Hassapidou et al., 2002; Paschoal & Amancio, 2004) . However, the AMDR for general populations has limitations for dietary assessment in athlete groups because of wider ranges of energy intake and the inappropriateness of applying recommended macronutrient distributions at either very high or low energy intakes. In addition, percentages of macronutrients are not well correlated to the absolute fueling needs of the muscle (Burke et al., 2004) . Of all the macronutrients, carbohydrate intake appeared to be farthest from sport nutrition recommendations, at an average of 4.5 ± 1.9 g · kg -1 · day -1 , which was slightly below the minimum recommendation of 5 g · kg -1 · day -1 (Burke et al., 2004) . Only one sports group (cyclists/triathletes) consumed more than 5 g · kg -1 · day -1 (Table 2 ). In four of the six sporting groups (softball, track and field, volleyball, and water polo), the lower confidence interval for carbohydrate intake was less than 3 g · kg -1 · day -1
. Overall, 65% of the sample consumed less than 5 g · kg -1 · day -1 of carbohydrate. This finding is also particularly concerning, given that an independent study using the same FFQ in the general population (without sports foods added) tended to overestimate fruit and vegetable intake because of the extensive food list (Amanatidis et al., 2001) . It is possible that intake of the nutrients associated with these food groups-in particular carbohydrate, folate, and vitamin Cis also overestimated. Mean fiber intake appeared adequate, but this, too, may have been overestimated. However, approximately one third (30.6%) of athletes still did not meet the AI for dietary fiber.
Carbohydrate is a macronutrient fundamental to the performance of many athletes. Lower intake of carbohydrate is currently prevalent in the general population (Bravata et al., 2003) and in athletes (Burke et al., 2001) , especially those keen to maintain a lean physique or lose body weight and fat. This appears to be the case in this group, indicated by the strong correlation between carbohydrate (g · kg -1 · day -1 ) and energy intake (p < .001). Athletes may be confused by nutrition education messages about the value of carbohydrate for sports performance (Burke et al., 2001) . It is possible that the FFQ did not capture the intake of carbohydrate adequately in this population; this deserves further study. Foods high in carbohydrate that may be more frequently consumed by athletes than the general population include carbohydrate-based sport drinks, gels, and bars, although intake of carbohydrate from foods such as bread, pasta, and rice would also be expected to be higher. Predictably, cyclists and triathletes had a higher carbohydrate intake than other athletes, most likely because of higher training volume and energy requirements, although it is also possible they had better knowledge or compliance with recommended sport nutrition guidelines (Burke et al., 2001) . Therefore, the FFQ was sensitive enough to capture a higher carbohydrate intake in the endurancesport groups, as anticipated.
Mean protein intake in the female athletes profiled in the current study was deemed adequate (111.3 ± 40.7 g, 18.1% ± 2.5%, or 1.6 ± 0.7 g · kg -1 · day -1 ) according to Australian NRV, MDRI, public health AMDR, and sport nutrition recommendations (Table 2) . However, when assessed by proportion, up to 30% of participants failed to meet current sport nutrition recommendations (1.2 g · kg -1 · day -1 ; Table 3 ). Protein intake strongly correlated with total energy (p < .001), indicating that those with higher energy intakes also consumed a greater proportion of protein per kilogram body weight. In addition, female athletes with higher energy intakes consumed more fat. Mean fat intake was 31.0% ± 5.7% and within the recommended AMDR (NHMRC, 2006) . However, it was 9% higher in volleyball players than the combined cyclist and triathlete group.
Alcohol intake was consistent with the latest public health guidelines of a maximum of two standard drinks (20 g) per day for those over the age of 18 years (NHMRC, 2009) . Intake was also much lower than those reported in some Australian male professional athletes (Lundy, O'Connor, Pelly, & Caterson, 2006) . The volleyball players with the lowest mean age (15.5 ± 0.8 years) had an intake of 0 g alcohol/day, consistent with abstinence for those under the age of 18 years (NHMRC, 2009;  Table 2 ). Although no records indicated consumption in excess of these guidelines, this does not exclude the possibility of occasional binge drinking, which would be difficult to measure using an FFQ but may be a salient omission if the results from the current study are used to justify the content of future nutrition education programs.
The mean intake of all micronutrients in the female athletes was above the Australian EAR, and most met the RDI (with the exception of folate and vitamin D) and MDRI (with the exception of folate, vitamins D and E, and sodium). Based on this assessment, it would be possible to conclude that the athletes' diets were generally adequate in micronutrient intake. However, the mean is skewed by variability in individuals with high intakes, who concomitantly compensate for athletes below the NRV. When assessed by proportion, at least 1 athlete for every micronutrient assessed did not meet the EAR. Four percent did not meet the Australian EAR for iron; almost a half (49%) and a quarter (24%) were below for folate and calcium, respectively; and 19% for magnesium (Table 4 ). Higher proportions failed to meet the RDI and MDRI (Table 4) . Micronutrients with high proportions of participants not meeting the RDI or MRDI (respectively) included iron (51% and 43%), zinc (4% and 35%), calcium (36% and 25%), and vitamin E (17% and 75%). These data raise serious concern about the nutritional adequacy in this sample, which when assessed via the mean appeared to be more than adequate (and would have been deemed so using methodology applied in many published sport nutrition studies).
The large difference in the proportion of athletes not meeting the EAR and RDI for iron is a result of the skewed distribution of iron requirement: The EAR (8 mg/day) is much lower than the RDI (15 mg/day for 14-18 and 18 mg/day for 19-30 years). This large difference is caused by the wide variability of iron losses through menstruation. Daily intakes of iron above 13.05 or 14.85 mg per day (90th and 95th percentiles, respectively) are only required by a small proportion (5-10%) of healthy (nonpregnant) women with high menstrual iron loss. Menstrual iron loss in athletes may be augmented by oral contraceptives or menstrual irregularity. Thus, for iron, the high proportion of athletes not meeting the RDI is likely to overestimate risk. Nevertheless, the iron requirement may be higher in female athletes, particularly vegetarians or those involved in endurance sports (Whiting & Barabash, 2006) . Sodium intake was lower than the MDRI, but discretionary sodium use remains problematic in data collected via FFQs.
High proportions of athletes did not meet the EAR and RDI for folate (49% and 70%) and the AI and MDRI for vitamin D (92% and 86%). Because this FFQ has been reported to overestimate fruit and vegetable intake in the general population, the substantial proportion not meeting the EAR for folate is a concern. Suboptimal folate intake and deficiency in female athletes have been reported previously (Woolf & Manore, 2006) . Inadequate folate has the potential to affect sports performance because of folate's role in red blood cell formation, but the association requires further research.
Despite the Australian climate's providing adequate sunshine year-round and promoting endogenous vitamin D synthesis, recent research has highlighted significant levels of deficiency in the general population (Nowson & Margerison, 2002) . Vitamin D status has not been assessed in Australian athletes. Athletes who have limited sunlight exposure because of early morning and late afternoon training sessions, indoor training, darkpigmented skin, diligent sunscreen application, or low body-fat levels may have increased dietary requirements for Vitamin D to maintain bone health and immunity and control exercise-related inflammation (Willis, Peterson, & Larson-Meyer, 2008) . Evidence also points to a potential ergogenic effect of vitamin D on muscle strength and function (Willis et al., 2008) . Therefore, adequate vitamin D in athletes may be important both to prevent deficiency and for performance.
This study identified female athletes "at risk" for inadequacy for a number of nutrients. However, the validity of dietary assessment in athletes has typically not been examined against biological markers, and the consequence of inadequacy determined via dietary assessment for athletes is largely unknown. An advanced understanding of risk status could be obtained using more rigorous biological assessment of nutritional status, but the related costs and testing requirements may be impractical for use in the typical clinical setting. A conservative and plausible estimate of nutritional risk can be obtained using the statistical method of Anderson et al. (1982) . This method still identified a substantial number of athletes with intakes that in statistical terms are more likely to be inadequate, including folate (44%), calcium (22%), iron (19%), and magnesium (15%). The probability estimate of inadequacy for iron takes into account the skewed iron-requirement distribution and also accounts for a percentage of the population (based on the general population) using the oral contraceptive pill (which reduces the requirement; National Academy of Sciences, Institute of Medicine, Food and Nutrition Board, 2001 ).These probability estimates may be too conservative for iron and calcium in particular, because athletes may have increased requirements for iron (1.3-1.7 times the RDI; Deakin, 2006) and possibly calcium (Nattiv et al., 2007) . Statistically based "at risk" categories are limited to nutrients for which sufficient scientific evidence permits an RDI to be set. The RDI and nutrient distributions used are also those set for the general population and do not account for any additional requirements that may result from increased physical activity. Clearly, interpretation of dietary intake data remains difficult and requires further research.
Limitations
The FFQ methodology used in this study has a number of important limitations. Notably, the use of evidencebased modification to inform the sport-food list was not validated against 7-day weighed-food diaries in this population. Validation of FFQ methodology in athlete populations is also largely nonexistent (Pedisic, Bender, & Durakovic, 2008) , but the apparent acceptability of the FFQ in the current study was supported by a high and acceptable level of completion by study volunteers. This may not have been the case if the participants had been randomly sampled, and to obtain representative data, random sampling is important to avoid issues with selection bias. However, in practice this is rarely observed in the published literature on athletes and is difficult with elite athletes because they constitute a small, niche population.
Validating FFQs in athlete populations would also involve determining the appropriate range in portion sizes used and adequate representation of the range of sport foods. Accurate measurement of physical activity to help identify implausible diet records was not performed in this study and, although difficult, is highly recommended for future work when possible. In addition, evaluation of dieting and restrained and/or restrictive eating may also help in assessing the plausibility of dietary records Despite a substantial body of published work in the area of dietary intake in athletes, there has been relatively little discussion of issues surrounding dietary assessment and analysis and the challenges of interpreting nutritional adequacy. The method described by Anderson et al. (1982) offers a means of providing a conservative and more plausible estimate of nutritional risk. However, fundamental "adequacy" estimates for key nutrients lack external validity from biological validation studies in athletic populations. Final limitations of the FFQ used in the current study include analysis of a limited range of nutrients because of inadequate food-composition data (e.g., iodine, fatty acids) and use of NRV for omnivores, which underestimates vegetarian requirements for iron (80% higher) and zinc (50% higher; NHMRC, 2006) .
Conclusion
This article highlights a number of important issues and offers potential strategies to advance the understanding and effectiveness of dietary assessment in athletes. A substantial proportion of female athletes in the current study demonstrated nutrient intakes inconsistent with optimal health and sport performance. Continued dietary surveillance of athlete groups is warranted, but the need for precision in assessment, analysis, and interpretation of results requires ongoing research.
